SONOELECTRONICS  PROGRAM 

LOW-POWER, 
HIGH-RESOLUTION 
3D  SONAR  IMAGING  SYSTEM 


STEVEN  R.  BROADSTONE,  D.Sc. 
ALICE  M.  CHIANG,  Ph.D. 
TERATECH  CORPORATION 

TERATECH 


JOHN  IMPAGLIAZZO 

NAVAL  UNDERWATER  WARFARE  CENTER 

DIVISION  NEWPORT,  RHODE  ISLAND 


Report  Documentation  Page 

Form  Approved 

0MB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  0MB  control  number. 

1.  REPORT  DATE 

25  AUG  1999 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

Low-Power,  High-Resolution  3D  Sonar  Imaging  System 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Teratech  Corporation 

8.  PEREORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

DARPA,  Air-Coupled  Acoustic  Microsensors  Workshop  held  on  August  24  and  25, 1999  in  Crystal  City, 
VA.,  The  original  document  contains  color  images. 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIEICATION  OE: 

17.  LIMITATION  OE 
ABSTRACT 

uu 

18.  NUMBER 
OE  PAGES 

5 

19a.  NAME  OE 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


SONOELECTRONICS  PROGRAM 

LOW-POWER,  HIGH-RESOLUTION 
3D  SONAR  IMAGING  SYSTEM 


TERATECH 


OBJECTIVE 

DEVELOP  HIGH-RESOLUTION,  LOW-POWER 
LOW-COST,  HAND-HELD  SONAR  IMAGER  BASED 
ON  SPARSE  ARRAY  CONCEPT 

128  X  128  PIXEL  IMAGE  @  400  (2D)  FRAMES/s 
or  4  (3D  rendered)  FRAMES/s  WITH 
1  cm  CROSS-RANGE  &  DOWN-RANGE  RESOLUTION 

FULLY-INTEGRATED  ELECTRONIC  BEAMFORMING 

ACHIEVEMENTS 

WIDEBAND  SPARSE  ARRAY  SIMULATION 
with  40  dB  SIGNAL-TO-SIDELOBE  RATIO 

PROCESSING/COMPONENT  DEVELOPMENT 
32-CHANNEL  ID  TIME-DOMAIN  BEAMFORMING 
5  BILLION  OPs/s  @  1  WATT 

1D-SPARSE-ARRAY  DELIVERED  TO  NUWC; 

DATA  OBTAINED  IN  NEWPORT,  Rl  TEST  FACILITY 


APPROACH 

STATE-OF-THE-ART  2D  SPARSE  ARRAY  (TETRAD) 

BANDWIDTH  SELECTION  IMPROVING  SIGNAL 
TO  SIDELOBE  RATIO  (NUWC) 

LOW-POWER,  HIGH-THROUGHPUT  CHARGE-DOMAIN 
ELECTRONIC  BEAMSTEERING/BEAMFORMING  (TERATECH) 

ICS  MANUFACTURABLE  IN  CMOS  FOUNDRY  (TERATECH) 

MILESTONES 

•  SPARSE  ARRAY  WITH  32  ACTIVE  ELEMENTS  (7/99) 

SPARSE  ARRAY  WITH  128  ACTIVE  ELEMENTS 

•  128-ELEMENT  SUBARRAY  MODULE  DEMO 

-  20X20  cm  2D  SPARSE  ARRAY  WITH  ELECTRONIC 
BEAMFORMING 

-  20X20  cm  2D  SPARSE  ARRAY  WITH  ELECTRONICS 
SYSTEM  DEMONSTRATION 
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2D  SPARSE-ARRAY  OPTIMIZATION 
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•WIDEBAND  SPARSE-ARRAY  OPTIMIZATION 

-WIDE  BANDWIDTH,  RANDOM  PLACEMENT  FOR  IMPROVED  BEAM  PROFILE 

-40  dB  SIGNAL-TO-AVERAGE  SIDELOBE  RATIO  AND  30  dB  SIGNAL-TO-PEAK  SIDELOBES 
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1D  SPARSE-ARRAY  SONAR  SYSTEM 


•WIDEBAND  1D  SPARSE-ARRAY 

-  ELEMENT-PLACEMENT  OPTIMIZATION  ALGORITHM  YIELDS  >20  dB  SIGNAL-TO-PEAK  SIDELOBES 

-  PROVIDES  VERIFICATION  OF  WIDE  BANDWIDTH,  2D-ARRAY 


•1D  SPARSE-ARRAY  AND  ELECTRONICS  EVAL  SYSTEM 

-  32-ELEMENT,  20  cm  ONE-DIMENSIONAL  ARRAY  MATED  TO  CUSTOM  PC  BOARD 

-  32-PREAMPLIFIER  OUTPUTS  CONNECTED  TO  DRY-END  DATA  ACQUISITION  PLATFORM  -  NUWC 
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32-CHANNEL,  CCD/CMOS 
ELECTRONIC  BEAMFORMER 


n 

TERATECH 


FULLY-PROGRAMMABLE,  APODIZED,  DELAY  LINES 
WITH  ON-CHIP  BANDPASS  FILTER 


5.5  BILLION  OPs/s  @  1  WATT  POWER  DISSIPATION 
CHARGE-TRANSFER  INEFFICIENCY  <  1.39E-4 
AT  20  MHz  CLOCK  RATE 


